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ABSTRACT 


Angiogenesis  is  a  very  important  process  in  the  progression  of  the  tumor  growth.  Vascular  endothelial  growth  factor  (VEGF)  is  a 
key  factor  in  angiogenesis.  The  main  function  is  vascular  permeability,  angiogenesis  and  endothelial  cell  growth.  An  inactivated 
or  impaired  tumor  suppressor  gene  Von  Hippie  Lindaue(VHL)  causes  accumulation  of  hypoxia  inducible  factor  (HIF-1A)  and 
leads  to  increased  production  of  VEGF.  The  more  the  expression  of  VEGF,  the  worse  is  the  survival  and  recurrence  in  many  ma¬ 
lignancies  like  Renal  Cell  Carcinoma.  VEGF-targeted  therapy  plays  a  major  role  in  various  carcinomas  involving  VEGF  pathway 
for  their  cancerous  growth. 
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INTRODUCTION 

Cancer  is  rapidly  becoming  a  major  cause  of  death  both 
in  developed  and  developing  nations(l).  Kidney  can¬ 
cers  are  high  in  western  population  and  low  in  eastern 
countries.  But  recent  studies  have  found  the  increas¬ 
ing  incidence  of  renal  tumors  in  Asian  countries(2) 
Among  the  various  adult  tumors,  3%  of  the  tumors  occur 
in  the  kidney  of  which  common  is  the  renal  cell  carcinoma 
about  90%.  The  incidence  rate  is  about  2,00,000/year  world¬ 
wide^).  The  estimated  incidence  of  RCC  in  India  among 
males  is  about  2/100,000  population  and  among  females  is 
about  1/100,000  population  (3).  Etiology  includes  both  in¬ 
ternal  factors  like  genetic  involvement  (mutations),  poor 
immune  status  and  external  environmental  factors  like  food 
habits,  pollution,  industrialization  etc(4). 

Renal  cell  carcinoma  (RCC)  is  a  heterogenous  type  of  tumor 
showing  variation  in  histological  features,  clinical  multiplic¬ 
ity  and  unpredictable  behavior.  RCC  having  high  mortality- 
incidence  ratio  constitutes  2-3%  of  adult  malignancies(5) 
It  is  common  in  men  than  women,  often  in  the  elderly  age 
group.  Surgical  treatment  is  effective  only  in  tumors  local¬ 
ized  to  the  kidney  (5,6). 


Initial  treatment  is  radical  or  partial  nephrectomy,  which  is  a 
most  successful  intervention.  When  the  cancer  is  limited  to 
the  renal  parenchyma,  the  5  year  survival  rate  is  about  60- 
70%.  Renal  cell  carcinoma  being  resistant  to  radiation  and 
chemotherapy,  responds  targeted  therapy  in  some  cases(6). 
This  helps  to  shrink  the  tumor  to  half  of  its  size.  Malignant 
tumors  grow  due  to  abnonnal  cell  signaling,  proliferation, 
apoptosis  inhibition,  and  supporting  angiogenesis  (7,8).  Mo¬ 
lecular  targeting  plays  a  potential  role  in  treatment  as  it  helps 
in  designing  new  anti  angiogenic  remedies.  It  is  therefore  of 
therapeutic  significance  to  define  the  VEGF  expression(9). 

Activation  of  an  oncogene  or  inactivation  of  a  tumor  sup¬ 
pressor  gene  is  essential  to  bring  about  a  genetic  alteration  in 
RCC.  The  tumor  suppressor  gene  VHL  inactivation  leads  to 
accumulation  of  hypoxia  inducible  factor  (10).  This  induces 
the  mRNA  transcription  of  growth  factor  and  produces  anti- 
apoptotic  signaling  which  leads  to  angiogenesis. 

Angiogenesis: 

Angiogenesis  is  the  process  of  new  capillary  formation. 
They  are  the  outgrowths  of  endothelial  cells  from  the  already 
existing  vessels.  The  early  event  in  tumorigenesis  is  the  on¬ 
set  of  angiogenesis  (11).  This  facilitates  tumor  growth  and 
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metastasis.  Folkman  and  coworkers  demonstrated  that  the 
tumors  can  grow  up  to  1.75mm  when  the  required  nutrition 
is  available.  But  growth  beyond  this  size  requires  additional 
new  blood  vessels.  Angiogenesis  is  brought  about  by  hypox¬ 
ia  or  increased  angiogenic  stimulators(12).  It  is  essential  for 
the  modification  of  tumor  from  dormant  state  to  malignant 
state. 

Tumor  development  occurs  by  two  important  steps  such  as 
tumor  avascular  phase  and  tumor  vascular  phase.  During  the 
avascular  phase,  the  tumor  remains  localized  whereas  in  vas¬ 
cular  phase,  metastasis  begins  (12,13).  Then  new  capillaries 
begin  to  grow,  extending  their  supply  throughout  the  tumor 
and  it  grows  rapidly.  The  important  step  in  this  process  is  the 
vascular  endothelial  growth  factor(VEGF).  It  helps  in  secre¬ 
tion  of  proteases,  migration  and  proliferation.  It  is  an  inde¬ 
pendent  prognostic  tumor  marker.  Cancers  expressing  VEGF 
grow  and  metastatise  at  a  faster  rate(14). 

Vascular  Endothelial  Growth  Factor: 

It  is  a  disulfide  bonded  dimeric  glycoprotein.  Its  molecular 
mass  is  34-46  kDa.  Its  main  role  is  stimulating  vascular  per¬ 
meability  and  proliferation  of  the  endothelial  cell.  During  the 
Embryonic  stage  VEGF  helps  in  endothelial  cell  differentia¬ 
tion,  migration  and  maturation  of  the  nephron.  In  the  adult 
stage  VEGF  plays  an  important  role  in  vascular  permeability, 
regulation  of  glomerular  permeability,  maintaining  basement 
membrane  composition,  podocyte  survival  and  mediates  en¬ 
dothelium  dependant  vasodilatation  (14). 

VEGF  is  the  key  mediator  of  angiogenesis  in  cancer.  The 
main  function  is  vascular  permeability,  angiogenesis  and  en¬ 
dothelial  cell  growth.  The  four  members  in  the  VEGF  family 
areVEGF-A  VEGF-B  VEGF-C  VEGF-D.  All  members  of 
the  family  perform  important  functions  both  in  normal  and 
tumor  conditions  (15). 

VEGF- A: 

The  prototype  member  of  this  family  is  VEGF-A.  Its  main 
function  is  anigiogenesis.  VEGF-A  is  a  potential  factor  in  the 
growth  of  endothelial  cells.  VEGF-A  is  located  on  the  chro¬ 
mosome  6p23.1.  Using  the  reverse  transcription  polymer¬ 
ase  chain  reaction,  various  iso  forms  of  VEGF  identified  are 
VEGF  121,  VEGF  165  VEGF  189  and  VEGF  206.  VEGF-A 
plays  an  important  role  in  binding  with  the  receptors.  It  is 
mainly  present  in  lungs,  kidneys  and  heart.  Molecular  mass 
is  34-45  kDa(14,15). 

VEGF-B: 

VEGF-B  is  located  on  the  chromosome  llq3.3.  It  is  the  sec¬ 
ond  member  in  VEGF  family.  Its  isoforms  are  VEGF  B167 
and  VEGF  B  1 86.  Its  main  function  is  embryogenic  angio¬ 
genesis.  It  is  expressed  in  cardiac  and  skeletal  muscles.  Mo¬ 
lecular  mass  is  21-30  kDa(14,15). 


VEGF-C: 

VEGF-C  is  located  on  the  chromosome  4q34.3.  It  has  multi¬ 
ple  isoforms  like  VEGF  C62,  VEGF  C129  and  VEGF  Cl 84. 
VEGF  C62  plays  major  role  in  kinase  phosphorylation  and 
cell  adhesion  in  epithelial  cells  of  the  proximal  tubule.  It 
mainly  takes  part  in  lymphangiogenesis.  It  is  expressed  in 
breast  cancer,  gastric  and  colon  cancer.  VEGF  B  and  C  are 
less  expressed  in  RCC.  Molecular  mass  is  20-21kDa(14,15). 

VEGF  -D: 

VEGF-D  is  located  on  chromosome  Xp22. 31. VEGF-D  is 
synthesized  as  an  immature  protein.  It  has  N  and  C  terminal 
propeptides  which  are  absent  in  other  VEGF  family  mem¬ 
bers.  It  is  expressed  in  lung,  heart,  muscle  and  colon.  Mo¬ 
lecular  mass  is  20-21kDa(14,15). 

VEGF  receptors: 

The  VEGF  family  members  act  by  binding  with  receptors. 
There  are  three  important  receptors.  They  are  VEGFR-1, 
VEGFR-2  and  VEGFR-3.  30  exons  are  involved  in  cod¬ 
ing  of  these  receptors.  Exon  1  encodes  the  secretary  region 
and  exon  2-15encode  the  extracellular  region.  The  exon  16 
encodes  the  Transmembrane-  spanning  polypeptide  and  ex¬ 
ons  17-30  encode  the  tyrosine  kinase.  All  different  types  of 
VEGF  bind  with  different  receptors  and  exert  their  response 
at  cellular  level.  VEGFR  1  and  VEGFR  2  play  major  role 
in  angiogenesis  whereas  VEGFR3helps  in  lymphogenesis. 
VEGF  A  binds  with  VEGFR1  and  2,  and  is  highly  expressed 
in  RCC.  VEGFR  3  binds  with  VEGF  C  and  D.  It  is  mainly 
found  in  the  lymphatic  endothelial  cells  (15,16). 

VEGF  and  the  Kidney: 

VEGF  is  expressed  in  the  glomerular  podocytes  and  tubular 
epithelial  cells  present  in  the  proximal,  distal  and  collecting 
ducts.  VEGF  receptors  are  localized  in  the  mesangium,  glo¬ 
merular  and  peritubular  capillaries.  By  double  label  immune 
histochemistry,  VEGF  receptor  proteins  were  identified  in 
the  endothelial  cells  of  preglomerular,  glomerular  and  post 
glomerular  vessels  in  the  adult  (17). 

An  inactivated  or  impaired  tumor  suppressor  gene  (VEIL) 
causes  accumulation  of  hypoxia  inducible  factor  (HIF-1A) 
and  leads  to  production  of  VEGF(18).  The  more  the  expres¬ 
sion  of  VEGF  the  worse  is  the  survival  and  recurrence  in 
many  malignancies  like  RCC.  VHL  gene  inactivation  in 
most  of  clear  cell  RCC  tumors  (approximately  60%)  lead¬ 
ing  to  VEGF  overexpression  promotes  tumor  angiogenesis, 
development  and  growth. 

Molecular  mechanism  of  VEGF  action: 

VEGF  A  is  the  important  member  of  the  family.  It  binds  to 
VEGFR  1  and  VEGFR2.  VEGFR2  appears  to  mediate  almost 
all  of  the  cellular  responses  to  VEGF.  The  three  important 
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domains  of  the  receptor  are:  seven  extracellular  immuno¬ 
globulin  Ig  domains,  a  single  transmembrane  region  and  an 
intracellular  tyrosine  kinase  (TK)  domain.  The  VEGF  family 
members  initiate  cellular  responses  by  binding  to  these  ty¬ 
rosine  kinase  receptors  present  on  the  cell  surface.  Then  they 
become  activated  through  transphosphorylation(19). 

The  phophorylation  occurring  in  the  receptor  activates 
phosphoinositol  3  kinase  (PI3K)/Akt  and  mitogen  acti¬ 
vated  protein  kinase(MAPK).  PI3K/Akt  signaling  pathway 
mediates  angiogenesis(19).  The  production  of  the  second¬ 
ary  messenger  phosphatidylinositol-3,  4,  5-triphosphate 
and  the  serine/threonine  kinase(Akt)  is  catalyzed  by  PI3K. 
VEGFR1  binds  to  the  p85  regulatory  subunit  of  PI3K  on 
Tyrl213  and  1333.  This  helps  in  controlling  angiogenesis. 
Similarly  VEGFR2  binds  to  p85  subunit  of  PI3K  on  Tyr799 
and  1173.Akt  is  activated  by  the  products  of  phosphati- 
dylinositol  3  phosphates  kinase.  Dysregulated  Akt  activity 
occurs  in  many  tumors  by  tumor  suppressor  gene  inactiva¬ 
tion  (19,20). 

Factors  that  alter  functions  of  VEGF: 

VEGF  is  the  important  angiogenic  factor.  The  VEGF  path¬ 
way  recognition  and  regulation  is  the  important  step  in  tar¬ 
geted  approaches.  The  control  of  angiogenesis  is  a  promising 
factor  in  the  treatment  of  cancer. 

Activators  of  VEGF: 

Cigarette  smoking:  Smoking  increases  the  RCC  risk  through 
chronic  tissue  hypoxia  and  increased  DNA  damage  due  to 
sensitivity  to  tobacco  carcinogens.  Tobacco  smoking  is  an 
important  source  of  cadmium  (nephrotoxic  agent)  exposure. 
An  individual  inhales  10%  of  cadmium  through  smoking(2 1). 
Cigarette  smoking  is  the  principal  factor  in  cancer  progres¬ 
sion.  Nicotine  is  the  major  chemical  component  responsible 
for  addiction  in  tobacco  products.  All  tobacco  products  con¬ 
tain  carcinogenic  substances  like  polycyclic  hydrocarbons 
(PAH)  and  tobacco  specific  nitrosoamines(TSNA),  which 
play  a  vital  role  in  development  of  cancer.  It  causes  carcino¬ 
genesis  through  initiation,  promotion  and  progression.  These 
factors  stimulate  endothelial  cells  to  proliferate,  migrate  and 
enhance  angiogenesis  and  metastasis  (22). 

Hypoxia:  The  up-regulation  of  VEGF  expression  is  stimu¬ 
lated  by  hypoxia.  Thereby  new  blood  vessels  form  and  sup¬ 
ply  the  deoxygenated  area  with  the  needed  nutrition.  Obe¬ 
sity:  It  is  hypothesized  to  induce  oxidative  stress  and  chronic 
tissue  hypoxia  (23).  Hypertension:  It  is  hypothesized  to 
include  formation  of  reactive  oxygen  species  and  chronic 
renal  hypoxia,  thereby  leading  to  HIF  upregulation(24).  Re¬ 
active  oxygen  species:  VEGF  stimulates  Reactive  oxygen 
species(ROS)  production.  VEGFR2 -mediated  signaling  in¬ 
volves  ROS  followed  by  endothelial  cell  proliferation.  Other 
factors  include  stress  and  environmental  factors(25). 


RNA  and  protein  microarray  studies  show  the  high  expres¬ 
sion  of  VEGF  in  all  RCCs.  This  over  expression  increases 
the  vascularity  leading  to  tumor  growth  and  poor  survival. 
Blocking  this  factor  results  in  regression  of  the  tumor.  VEGF 
also  suppress  antitumor  immune  responses  by  inhibiting 
dendritic  cell  activation.  This  supports  the  fact  that  VEGF 
blockade  can  enhance  the  immune  response  against  the  tu¬ 
mor.  Based  on  this  property,  VEGF  targeted  therapy  has  be¬ 
come  a  promising  treatment  for  RCC  (26). 

Suppressor  of  VEGF: 

Several  factors  suppress  the  angiogenesis  by  inhibiting  the 
VEGF  pathway.  The  most  promising  anti- VEGF  approach  is 
antisense  oligodeoxynucleotides  (AS-ODN)  (27).  Suppres¬ 
sion  by  AS-ODN  was  reported  in  many  cancers. 

Anti-angiogenesis  or  angiogenesis  inhibitor 
therapy: 

Many  anti-angiogenesis  agents  were  developed  to  target  cell 
proliferation,  growth  and  induce  regression  of  the  existing 
vessels.  They  were  all  developed  to  target  the  various  ma¬ 
lignant  tumors  and  non-neoplastic  conditions  which  benefit 
from  anti  VEGF  therapy,  suggesting  the  influence  of  VEGF 
as  a  pathophysiologic  mechanism  in  the  disease  processes 
(27).  Metastatic  renal  cell  carcinoma  is  resistant  to  radio  and 
chemotherapy.  Immune  mechanisms  are  found  to  be  useful 
in  regulating  tumor  growth.Interleukin-2  and  IFN-alpha  are 
the  immunotherapeutic  agents  used. 

The  two  main  targeted  therapies  are  the  monoclonal  antibody 
eg:  bevacizumab  (Avastin),  and  small-molecule  tyrosine  ki¬ 
nase  inhibitor  eg:sorafenib  (BAY  43-9006).  Mechanism  of 
action  of  bevacizumab  is  found  to  be  through  the  following 
processes  such  as  microvasculature  regression,  angiogenic 
normalization  and  inhibition  of  new  vessel  formation  (28). 
The  continued  use  of  bevacizumab  can  prevent  the  new 
vessel  formation  and  thereby  improving  the  duration  of  re¬ 
sponse,  and  delaying  disease  progression(29).  The  treatment 
with  bevacizumab  is  beneficial  but  cause  side  effects  like  hy¬ 
pertension,  gastrointestinal  perforation  etc. 

Targeting  VEGF  as  a  Therapeutic  Strategy: 

The  rationale  for  targeting  VEGF  is  because  of  its  action  in 
tumor  vascularisation.  VEGF  circulating  in  the  blood  acts 
on  the  endothelial  cells.  It  need  not  penetrate  tumor  tissue  to 
inhibit  tumor  vasculature  through  VEGF.  Angiogenesis  has 
limited  importance  in  normal  physiology  like  wound  heal¬ 
ing  and  female  reproduction.  Therefore  inhibition  of  VEGF 
would  not  be  expected  to  cause  any  side  effects  that  can  oc¬ 
cur  with  other  cancer  treatments,  particularly  chemothera- 
py(29,30).It  acts  on  endothelial  cells,  which  are  stable,  dor¬ 
mant  and  have  a  long  lifespan.  This  stability  means  the  cells 
are  less  likely  to  mutate  to  a  treatment-resistant  phenotype 
making  them  a  potential  target  for  long-tenn  therapy  (30). 
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Anti  VEGF  agents  are  currently  used  for  malignant  tumors 
like  renal  cell  carcinoma,  Rheumatoid  arthritis  and  other  in¬ 
flammatory  conditions  and  other  non-neoplastic  conditions. 

CONCLUSION 

VEGF  is  found  to  play  a  major  role  in  angiogenesis  and 
maintenance  of  immature  vessels.  This  coordination  is  lost  in 
tumor  tissues  stimulated  by  VEGF,  leading  to  prolific  growth 
of  disordered  vessels.  VEGF  increases  the  permeability  of 
blood  vessels,  resulting  in  poorly  perfused  tumors,  followed 
by  hypoxia  stimulating  further  VEGF  production.  These  ef¬ 
fects  make  it  difficult  for  chemotherapy  to  access  to  tumor 
tissue.  Inhibition  of  VEGF  results  in  normalization  of  per¬ 
meability,  improving  ease  of  access  for  treatments  such  as 
chemotherapy.  Hence  the  role  of  VEGF  in  tumor  progression 
and  whose  inhibition  leading  to  regularization  is  understood. 

ACKNOWLEDGEMENT 

This  research  was  supported  by  the  Indian  Council  of  Medi¬ 
cal  Research  -  Talent  Search  Scheme  and  Sri  Ramachandra 
Institute  of  Higher  Education  &  Research  (Deemed  Univer¬ 
sity).  We  acknowledge  the  immense  help  received  from  the 
scholars  whose  articles  are  cited  and  included  in  references 
of  this  manuscript.  We  thank  the  authors  /  editors  /  publish¬ 
ers  of  all  those  articles,  journals  and  books  from  where  the 
literature  for  this  article  has  been  reviewed  and  discussed. 

Conflicts  of  interest:  nil 


REFERENCE 

1.  GP  Abraham,  T  Cherian,  P  Mahadevan,  TS  Avinash,  D  George, 
E  Manuel,  Detailed  study  of  survival  of  patients  with  renal  cell 
carcinoma  in  India.  Indian  journal  of  cancer.  2016,  Volume:53, 
Issue:4,Page:572-574. 

2.  Landis  SH,  Murray  T,  Bolden  S,  Wingo  PA.  Cancer  statistics, 
1999.  CA  Cancer  J  Clin  1999;49:8  31. 

3.  Imran  Ali,  Waseem  A.  Wani  and  Kishwar  Saleem,  cancer  sce¬ 
nario  in  India  with  future  perspectives.  Cancer  therapy  volume 
8,  November  1  2011,56-70. 

4.  Ljungberg  B,  Campbell  SC,  Cho  HY,  et  al.  The  epidemiology  of 
renal  cell  carcinoma.  EurUrol  2011;60:29-36. 

5.  Borje  Ljungberg,  Nigel  C  Cowan,  Damian  C  Hanbury,  Milan 
Hora,  Markus  A  Kuczyk,  Axel  S  Merseburger  et  al,  EAU  Guide¬ 
lines  on  RCC  2010  updates,  European  urology  vol  58,  i’uly  12 
2010,398-406 

6.  Herbert  T.  Cohen,  McGovern  FJ,  Medical  progress  renal  cell 
carcinoma,  The  New  England  journal  of  medicine  vol  353,  No¬ 
vember  12  2005,  2477-2490. 

7.  Allan  J  Pantuck,  Ammon  Zisman,  Arie  S  Belldegrun,  The  chang¬ 
ing  natural  history  of  renal  cell  carcinoma.  Journal  of  urology. 
Vol  166,  issue  5.  Nov  2011,  1611  -  1623. 

8.  David  S.  Finley  ,  Allan  J  Pantuck,  Arie  S  Belldegrun,  Tumor 
biology  and  prognostic  factors  in  renal  cell  carcinoma.  The  of¬ 


ficial  journal  of  the  society  for  translational  oncology.  Vol  16 
supplements  2,  Feb  2011,  4-13. 

9.  Napoleone  Ferrara,  Role  of  vascular  endothelial  growth  factors 
in  regulation  of  angiogenesis.  Kidney  international  vol  56,  july 
1999,  794-814. 

10.  Semenza  GL.  Targeting  HIF-1  for  cancer  therapy.  Nat  Rev  Can¬ 
cer.  2003;3:721-732. 

1 1 .  Mehdi  Rajabi  and  Shaker  A.  Mousa.The  Role  of  Angiogenesis 
in  Cancer  Treatment  Biomedicines.  2017  Jun;  5(2):  34. 

12.  Mousa  S.A.,  Davis  P.J.  Angiogenesis  and  anti-angiogenesis 
strategies  in  cancer.  In:  Mousa  S.A.,  Davis  P.J.,  editors.  Anti- 
Angiogenesis  Strategies  in  Cancer  Therapies.  1st  ed.  Academic 
Press;  Amsterdam,  The  Netherlands:  2016. 

13.  Lamszus  K.,  Ulhricht  U.,  Matschke  J.,  Brockmann  M.A.,  Fill- 
brandt  R.,  Westphal  M.  Levels  of  soluble  vascular  endothelial 
growth  factor  (VEGF)  receptor  1  in  astrocytic  tumors  and  its 
relation  to  malignancy,  vascularity,  and  VEGF-a.  Clin.  Cancer 
Res.  2003;9:1399-1405. 

14.  J. Jacobsen  K,Grankvist  K,  Rasmuson  T,  Bergh  A,  Landberg  G, 
Ljungberg  B,  Expression  of  vascular  endothelial  growth  factor 
protein  in  human  renal  cell  carcinoma,  B  J  U  International  2004, 
vol  93,  297  -  302. 

15.  Lawerence  F.  Brown.  Berse  B.  Jackman  RW,  Tognazzi  K,  Man- 
seau  EJ.  Dvorak  HF,  Senger  DR.  increased  expression  of  vascu¬ 
lar  permeability  factor  and  its  receptors  in  kidney  and  baldder 
carcinoma.  American  journal  of  pathology  vol  143,  5  November 
1993,  1255-1263. 

16.  McMahon  G,  VEGF  receptor  signaling  in  tumor  angiogenesis. 
Oncologist.  2000;5  Suppl  1:3-10. 

17.  Bieke  FF.  Schrijvers,  Flyvbjerg  A,  De  Vriese  AS.,  role  of  vascu¬ 
lar  endothelial  growth  factor  in  renal  pathophysiology.  Kidney 
international  vol  65,  2004,  2003-2017 

18.  Kallio  PJ,  Pongratz  I,  Gradin  K,  McGuire  J,  Poellinger  L.  Ac¬ 
tivation  of  hypoxia- inducible  factor  la:  posttranscriptional  reg¬ 
ulation  and  conformational  change  by  recruitment  of  the  Amt 
transcription  factor.  Proc  Natl  Acad  Sci  USA.  1997;94:5667- 
5672. 

19.  Dai  J..  Peng  L.,  Fan  K.,  Wang  H.,  Wei  R.,  Ji  G.,  Cai  J.,  Lu  B„  Li 
B.,  Zhang  D„  et  al.  Osteopontin  induces  angiogenesis  through 
activation  of  PI3K/AKT  and  ERK1/2  in  endothelial  cells.  Onco¬ 
gene.  2009;28:3412-3422.  doi:  10.1038/onc.2009.189. 

20.  Karar  J,  Maity  A.  PI3K/AKT/mTOR  Pathway  in  Angiogenesis. 
Front  Mol  Neurosci.  2011  Dec  2;4:51. 

21 .  Ejaz  S,  Lim  CW.  Toxicological  overview  of  cigarette  smoking  on 
angiogenesis.  Environ  Toxicol  Pharmacol.  2005  Sep;20(2):335- 
44. 

22.  Hakuoh  Konishi,  Jenny  Wu,  John  B  Cooke,  chronic  exposure 
to  nicotine  impairs  cholinergic  angiogenesis.  Vascular  medicine 
vol  15,  January  2009, 47-54. 

23.  S.  Miyazawa-Hoshimoto,  elevated  serum  VEGF  is  associated 
with  visceral  fat  accumulation  in  human  obese  subjects.  Diabe- 
tologiavol  46,  October  8,  2003,  1483-1488. 

24.  Stojanovic  M,  Goldner  B,  Ivkovic  D.  Renal  cell  carcinoma  and 
arterial  hypertension.  Clin  Exp  Nephrol.  2009  Aug;13(4):295- 
299. 

25.  Karthigayan  Shanmugasundaram  and  Karen  Block,  Renal  Car¬ 
cinogenesis,  Tumor  Heterogeneity,  and  Reactive  Oxygen  Spe¬ 
cies:  Tactics  Evolved  Antioxid  Redox  Signal.  2016  Oct  20; 
25(12):  685-701. 

26.  T  Kamba,  DM  McDonald,  Mini  review,  Mechanism  of  adverse 
effects  of  anti-VEGF  therapy  for  cancer,  British  Journal  of  Can¬ 
cer  2007,  vol  96,  1788-1795. 

27.  T.  Kamba,  DM  McDonald,  Mechanism  of  adverse  effects  of  anti 
VEGF  therapy  for  cancer.  British  journal  of  cancer,  vol  96,  April 
2007,1788-1795. 


Int  J  Cur  Res  Rev  |  Vol  1 0  •  Issue  20  •  October  2018 


Chandrasekaran  et.ai:  VEGF  in  renal  cell  carcinoma  -  A  mini  review 


28.  Napoleone  Ferrara,  Bevacizumab,  a  humanized  anti  VEGF 
monoclonal  antibody  for  cancer  therapy.  Biochemical  and  bio¬ 
physical  research  communications,  vol  333,  June  2005,328-335. 

29.  Brian  I.  Rini,  Vascular  Endothelial  Growth  Factor  Targeted 
Therapy  in  Renal  Cell  Carcinoma:  Current  Status  and  Future 
Directions  Clinical  Cancer  Res  2007;  13  (4)  February  15,  2007. 

30.  Gordana  Djordjevic,  Vladimir  Mozetic,  Danijela  Vrdoljak 
Mozetic,  VanjaLicul,  Koviljka  Matusanllijas,  Elvira  Mustac,  et 
al.  Prognostic  significance  of  vascular  endothelial  growth  factor 
expression  in  clear  cell  renal  cell  carcinoma,  Pathology  -  Re¬ 
search  and  Practice  Vol  203  (2007)99-106. 

31.  Nguyen  Ba  Phuoc,  Hidetoshi  Ehara,  Takahiro  Gotoh,  Masahiro 
Nakano,  Shingo  Kamei,  Takashi  Deguchi  and  Yoshinobu  Hi- 
rose,  Prognostic  value  of  co-expression  of  carbonic  anhydrase 
ix  and  vascular  endothelial  growth  factor  in  patients  with  clear 
cell  renal  cell  carcinoma,  Oncology  Reports  20:  525-530,  2008. 


32.  Yousef  H  Aldebasi,  Arshad  H  Rahmani,  Amjad  A  Khan,  and 
Salah  Mesalhy  Aly:  The  effect  of  vascular  endothelial  growth 
factor  in  the  progression  of  bladder  cancer  and  diabetic  retin¬ 
opathy.  International  Journal  of  Clinical  Experiment  Medicine 
2013;  6(4):  239-251. 

33.  Naoyuki  Fujita,  Takatsugu  Okegawa,  Yuichi  Terado,  Mitsuhiro 
Tambo,  Eiji  Higashihara,  and  Kikuo  Nutahara,.  Serum  level 
and  immunohistochemical  expression  of  vascular  endothelial 
growth  factor  for  the  prediction  of  postoperative  recurrence  in 
renal  cell  carcinoma,  BMC  Research  Notes  2014,  7:369. 

34.  Thomas  Powlesa,  Michael  Staehlerb,  Borje  Ljungbergc,  Karim 
Bensalahd,  Steven  E.  Canfielde,  Saeed  Dabestanif,  et  al  Updated 
EAU  Guidelines  for  Clear  Cell  Renal  Cancer  Patients  Who  Fail 
VEGF  Targeted  Therapy,  European  Urology,  Volume  69,  Issue 
1,  January  2016,  Pages  4-6. 


n 


Int  J  Cur  Res  Rev  [  Vol  1 0  •  Issue  20  •  October  2018 


